WIRELESS HEADPHONE APPARATUS AND WIRELESS HEADPHONE 

SYSTEM 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a wireless headphone system, and more 
particularly to an infrared signal emitting apparatus for emitting an infrared signal and 
wireless headphone apparatus for outputting an audio sound in response to the infrared 
signal. The infrared signal emitting apparatus and the wireless headphone apparatus 
10 are to be used in a vehicle or in the open air. 

2. Description of the Related Art 

Up until now, there have been provided a wide variety of wireless headphone 
systems comprising an audio apparatus and a wireless headphone apparatus, which can 
15 be used in, for example, a vehicle for the purpose that a passenger sitting in a rear seat 
can listen to a radio or a CD without disturbing the driver or passengers sitting in front 
seats. 

One typical example of the conventional wireless headphone system is shown 
in FIG 6 as comprising an audio apparatus 70 and a conventional wireless headphone 

20 apparatus 80. The audio apparatus 70 comprises a signal emitting unit 71 for emitting 
an infrared signal. The conventional wireless headphone apparatus 80 comprises an 
infrared signal receiving unit 81 for receiving the infrared signal transmitted from the 
signal emitting unit 71 of the audio apparatus 70 to output an audio signal. As shown 
in FIG 6, the infrared signal receiving unit 81 receives extraneous light in addition to 

25 the infrared signal emitted from the signal emitting unit 71. This means that the audio 
signal outputted by the infrared signal receiving unit 81 contains a noise component 
caused by the extraneous light. The conventional wireless headphone apparatus 80 
further comprises a noise filtering circuit 82 for eliminating the noise component caused 
by the extraneous light to output a filtered audio signal, an amplifier 83 for amplifying 

30 the filtered audio signal to output an amplified audio signal, and a speaker 84 for 
outputting a sound in response to the amplified audio signal. 

The conventional wireless headphone system thus constructed as previously 
mentioned, however, encounters a drawback that the conventional wireless headphone 
apparatus 80 tends to receive sunlight, for example, coming through a window of the 

35 vehicle. The noise component caused by the sunlight cannot be eliminated by the 
noise filtering circuit 82 because of the fact that the sunlight includes strong infrared 
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radiation. This results in the fact that the noise filtering circuit 82 outputs an audio 
signal with noise component caused by the sunlight and the speaker 84 outputs a sound 
with large noises. 

In the vehicle, a passenger sitting in a left seat tends to receive sunlight from a 
5 left window, while a passenger sitting in a right seat tends to receive sunlight from a 
right window. This means that the infrared signal receiving unit 81 placed on the left 
side receives an infrared signal with less extraneous light while the infrared signal 
receiving unit 81 placed on the right side receives an infrared signal with sunlight in the 
case that the passenger sits in the right seat. The infrared signal receiving unit 81 

10 placed on the right side, on the other hand, receives an infrared signal with less 
extraneous light while the infrared signal receiving unit 81 placed on the left side 
receives an infrared signal with sunlight in the case that the passenger sits in the left seat. 
This leads to the fact that the that the infrared signal receiving unit 81 placed on one 
side tends to receive an infrared signal with sunlight although the infrared signal 

15 receiving unit 81 placed on the other side may receive an infrared signal with less 
extraneous light. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a wireless 
20 headphone system which can prevent noises caused by sunlight from being outputted. 

It is another object of the present invention to provide a wireless headphone 
apparatus which can prevent noises caused by sunlight from being outputted. 

In accordance with a first aspect of the present invention, there is provided a 
wireless headphone apparatus, comprising: a plurality of light signal receiving units 
25 each for receiving a light signal to produce an electric signal having a signal level; a 
plurality of light signal limiting units respectively connected with the plurality of light 
signal receiving units in one to one relationship, each of the light signal limiting units 
operative to allow only an electric signal having a signal level lower than a 
predetermined threshold value to pass therethrough and delete an electric signal having 
30 a signal level equal to or greater than the predetermined threshold value; a signal 
synthesizing unit for synthesizing the electric signals passed through the light signal 
limiting units to produce a synthesized electric signal; and speaker means for outputting 
a sound in response to the synthesized electric signal. 

In the aforementioned wireless headphone apparatus, the light signal receiving 
35 units may be constituted by at least two light signal receiving units. The speaker 
means may be constituted by at a right speaker and a left speaker. Furthermore, the 
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light signal receiving units may be placed in the vicinity of the right speaker and the left 
speaker. The speaker means may be further constituted by a right speaker, a left 
speaker, and a housing having a first axis passing through the right speaker and the left 
speaker, at least one of the light signal receiving units may be placed on a second axis 
5 substantially perpendicular to the first axis and passing through a middle point of the 
first axis in equidistantly spaced relationship with the right speaker and the left speaker. 
The speaker means may be further constituted by a right speaker, a left speaker, and a 
housing having a first axis passing through the right speaker and the left speaker, and a 
second axis substantially perpendicular to the first axis and passing through a middle 

10 point of the first axis in equidistantly spaced relationship with the right speaker and the 
left speaker, and the light signal receiving units may be opposing to each other across a 
plane passing through the first axis and the second axis. 

In accordance with a second aspect of the present invention, there is provided a 
wireless headphone system, comprising: a light signal emitting apparatus for emitting a 

15 light signal; and the aforementioned wireless headphone apparatus, in which each of the 
plurality of light signal receiving units of the wireless headphone apparatus is operative 
to receive the light signal emitted by the light signal emitting apparatus. In the 
aforementioned wireless headphone system, the light signal emitting apparatus may be 
provided in a vehicle, and each of the light signal receiving units of the wireless 

20 headphone apparatus may be operative to receive the light signal emitted by the light 
signal emitting apparatus in the vehicle. The light signed emitting apparatus may be 
provided on a ceiling of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The present invention and many of the advantages thereof will be better 

understood from the following detailed description when considered in connection with 

the accompanying drawings, wherein: 

FIG 1 is a block diagram showing a preferred embodiment of the wireless 

headphone system according to the present invention; 
30 FIG 2 is a perspective view of a wireless headphone apparatus forming part of 

the wireless headphone system shown in FIG 1 showing that light signal receiving units 

are placed in the vicinity of headphone speakers; 

FIG 3 is a perspective view similar to FIG 2, but showing that the light signal 

receiving units are placed in a headphone housing; 
35 FIG 4 is a cross-sectional view of the wireless headphone system installed in a 

vehicle; 
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FIG 5 is a top plan view of the wireless headphone system installed in a 
vehicle; and 

FIG 6 is a block diagram of a conventional wireless headphone system. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

The following description will be directed to a preferred embodiment of the 
wireless headphone system according to the present invention with reference to FIGS. 1 
to 5. 

The construction of the wireless headphone system according to the present 

10 invention will now be described in detail hereinafter with reference to FIG 1 . 

Referring to FIG 1 of the drawings, there is shown a wireless headphone 
system 100, comprising an audio apparatus 1 and a wireless headphone apparatus 7. 

The audio apparatus 1 comprises an audio unit 6, such as for example a radio, a 
CD player, and the like, for producing an electric audio signal, a transmitting unit 2 for 

15 emitting a light signal on the basis of the electric audio signal produced by the audio 
apparatus 1, and an operating unit, not shown in FIG 1, for operating the audio unit 6 to 
have the audio unit 6 play a CD or operate a radio. The wireless headphone apparatus 
7 is adapted to receive the light signal from the transmitting unit 2 to output an audio 
sound. In the present embodiment, the electric signal produced by the audio unit 6 is 

20 an electric audio signal, hereinlater referred to simply as an "audio signal", and the light 
signal transmitted from the transmitting unit 2 is an infrared signal, hereinlater referred 
to simply as a "light signal". The audio unit 6 and the operating unit are provided in, 
for example, an instrument panel of the vehicle and the transmitting unit 2 is provided, 
for example, on a ceiling of the vehicle. 

25 The transmitting unit 2 comprises a stereo signal modulating section 3 for 

amplifying and frequency-modulating the audio signal produced by the audio unit 6, a 
control section 4 for controlling the whole operation of the transmitting unit 2 on the 
basis of the audio signal amplified and frequency-modulated by the stereo signal 
modulating section 3, and a light emitting section 5, having a light-emitting diode, for 

30 emitting a light signal. The control section 4 is operative to control the light emitting 
section 5 to have the light emitting section 5 emit a light signal. The strength of the 
light signal emitted by the light emitting section 5 is adjusted by the control section 4 in 
accordance with the audio signal amplified and frequency-modulated by the stereo 
signal modulating section 3. The transmitting unit 2 constitutes a light signal emitting 

35 apparatus according to the present invention. 

The wireless headphone apparatus 7 comprises a plurality of light signal 
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receiving units. Each of the light signal receiving units is adapted to receive the light 
signal emitted by the light emitting section 5 of the transmitting unit 2 to produce an 
electric audio signal having a signal level. In the present embodiment, the wireless 
headphone apparatus 7 comprises two light signal receiving units, viz., a light signal 
5 receiving unit (right) 8 and a light signal receiving unit (left) 9 respectively in the 
vicinity of the right speaker 16 and the left speaker 17. 

The wireless headphone apparatus 7 further comprises a plurality of light signal 
limiting units respectively connected with the light signal receiving units in one to one 
relationship. Each of the light signal limiting units is operative to allow only an 

10 electric signal having a signal level lower than a predetermined threshold value to pass 
therethrough and delete an electric signal having a signal level equal to or greater than 
the predetermined threshold value. In the present embodiment, the wireless headphone 
apparatus 7 comprises a light signal limiting unit (right) 10 and a light signal limiting 
unit (left) 11 respectively connected with the light signal receiving unit (right) 8 and a 

15 light signal receiving unit (left) 9 in one to one relationship as shown in FIG 1. 

The wireless headphone apparatus 7 further comprises a signal synthesizing 
unit 12 for synthesizing the electric signals passed through the light signal limiting units 
10 and 11 to produce a synthesized electric signal, a signal demodulating unit 13 for 
demodulating the synthesized electric signal produced by the signal synthesizing unit 12, 

20 an amplifying unit (right) 14 and an amplifying unit (left) 15 each for amplifying the 
synthesized electric signal demodulated by the signal demodulating unit 13, and speaker 
means constituted by a right speaker 16 and a left speaker 17 for outputting a sound in 
response to the synthesized electric signals respectively amplified by the amplifying 
unit (right) 14 and the amplifying unit (left) 15. In reality, the wireless headphone 

25 apparatus 7 may further comprise a noise filtering circuit intervening between the signal 
synthesizing unit 12 and the signal demodulating unit 13, for filtering the synthesized 
electric signal produced by the signal synthesizing unit 12, but the noise filtering circuit 
will be omitted from description in the present embodiment for simplicity and better 
understanding. 

30 In the wireless headphone apparatus 7 thus constructed, one of the light signal 

limiting unit (right) 10 and the light signal limiting unit (left) 11 can allow the audio 
signal to pass therethrough although the other one of the light signal limiting unit (right) 
10 and the light signal limiting unit (left) 11 may delete the audio signal, and the right 
speaker 16 and the left speaker 17 can harmoniously output sounds in response to the 

35 audio signal passed through the one of the light signal limiting unit (right) 10 and the 
light signal limiting unit (left) 11 in the case that the other one of the light signal 
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receiving unit (right) 8 and the light signal receiving unit (left) 9 receives an infrared 
signal with sunlight. 

The wireless headphone system 100 installed in a vehicle is shown in FIGS. 4 
and 5. FIG 4 is a cross-sectional view of the wireless headphone system 100 installed 
5 in a vehicle. FIG 5 is a top plan view of the wireless headphone system 100 installed 
in the vehicle. Although it has been described in the present embodiment that the 
wireless headphone system 100 is installed in the vehicle, it is needless to mention that 
the wireless headphone apparatus 100 may be used in any place such as, for example, in 
the open air. As shown in FIG 4, the transmitting unit 2 is provided on a ceiling of the 

10 vehicle. This leads to the fact that the transmitting unit 2 can efficiently emit a light 
signal to the wireless headphone apparatus 7 placed in the vehicle. Furthermore, the 
ceiling of the vehicle blocks the light signal emitted by the transmitting unit 2 from 
being intermingled with the strong extraneous light such as for example sunlight. 
Each of the light signal receiving units 8 and 9 of the wireless headphone apparatus 7 is 

15 operative to receive the light signals emitted by the light emitting section 5 in the 
vehicle. As shown in FIG 5, a passenger is sitting in a left seat and tends to receive 
sunlight from a left window. This means that the light signal receiving unit 8 placed 
on the right side receives an infrared signal with less extraneous light while the light 
signal receiving unit 9 placed on the left side receives an infrared signal with sunlight. 

20 The operation of the wireless headphone system 100 according to the present 

invention will be described hereinlater with reference to the drawings shown in FIG 1. 

The operating unit is operated by a user to operate the audio unit 6 to have the 
audio unit 6 play, for example, a CD. The audio unit 6 is operated to play the CD to 
produce an audio signal. The audio signal produced by the audio unit 6 is inputted to 

25 the transmitting unit 2. 

In the transmitting unit 2, the stereo signal modulating section 3 is operated to 
amplify and frequency-modulate the audio signal, and the control section 4 is operated 
to control the light emitting section 5 to have the light emitting section 5 emit a light 
signal. Here, the strength of the light signal emitted by the light emitting section 5 is 

30 adjusted by the control section 4 in accordance with the audio signal amplified and 
frequency-modulated by the stereo signal modulating section 3. The light signal 
emitted from the light emitting section 5 is received by the wireless headphone 
apparatus 7. 

In the wireless headphone apparatus 7, each of the light signal receiving units 8 
35 and 9 is operated to receive the light signal emitted by the light emitting section 5 of the 
transmitting unit 2 to produce an audio signal having a signal level. The audio signal 



produced by the light signal receiving unit (right) 8 is inputted to the light signal 
limiting unit (right) 10, and the audio signal produced by the light signal receiving unit 
(left) 9 is inputted to the light signal limiting unit (left) 11. Each of the light signal 
limiting units 10 and 11 is operated to allow only an audio signal having a signal level 
5 lower than a predetermined threshold value to pass therethrough and delete an audio 
signal having a signal level equal to or greater than the predetermined threshold value. 
The signal synthesizing unit 12 is then operated to synthesize the audio signals passed 
through the light signal limiting units 10 and 11 to produce a synthesized electric signal. 
The signal demodulating unit 13 is operated to demodulate the synthesized electric 

10 signal produced by the signal synthesizing unit 12. 

In the present embodiment, the light signal limiting unit (left) 11 is operated to 
delete the audio signal having strong noise components caused by the sunlight while the 
light signal limiting unit (right) 10 is operated to allow the audio signal to pass 
therethrough, the signal synthesizing unit 12 is operated to output the audio signal 

15 passed through the light signal limiting unit 10 as the synthesized audio signal, and the 
signal demodulating unit 13 is operated to demodulate the audio signal outputted by the 
signal synthesizing unit 12 under the condition that the light signal receiving unit 9 
placed on the left side receives an infrared signal with sunlight while the light signal 
receiving unit 8 placed on the right side receives the infrared signal with less extraneous 

20 light as shown in FIG 5. 

The amplifying unit (right) 14 and the amplifying unit (left) 15 are operated to 
amplify the audio signal demodulated by the signal demodulating unit 13. The right 
speaker 16 and the left speaker 17 are operated to output sounds in response to the audio 
signals respectively amplified by the amplifying unit (right) 14 and the amplifying unit 

25 (left) 15. 

As will be understood from the foregoing description, it is to be understood 
that the wireless headphone apparatus 7 according to the present invention, in which 
one of the light signal limiting units is operative to delete the audio signal having strong 
noise components while the others of the light signal limiting units is operative to allow 

30 the audio signal to pass therethrough, the signal synthesizing unit 12 is operated to 
synthesize and output the audio signals passed through the others of the light signal 
limiting units as the synthesized audio signal, and the right speaker 16 and the left 
speaker 17 are operative to output sounds in response to the audio signal outputted by 
the signal synthesizing unit 12 in the case that one of the light signal receiving units 

35 receives an infrared signal with sunlight, can prevent noises caused by sunlight from 
being outputted. 
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While it has been described in the above that the transmitting unit 2 is placed 
on the ceiling, the transmitting unit 2 may be placed anywhere in the vehicle. The 
transmitting unit 2 may be placed in, for example, the instrument panel. The audio 
unit 6 may be integrated with the transmitting unit 2. The audio unit 6 may include a 
5 television set. 

As will be seen from the above, there has been described only two light signal 
receiving units 8 and 9 placed in the vicinity of the right speaker 16 and the left speaker 
17 in the previous embodiment for the purpose of simplifying the description and 
assisting in understanding about the whole operation of the wireless headphone 

10 apparatus 7. According to the present invention, the wireless headphone apparatus 7 
may comprise any number of light signal receiving units in various manners as long as 
the wireless headphone apparatus 7 comprises the same number of light signal limiting 
units respectively connected with the light signal receiving units in one to one 
relationship as described hereinlater. 

15 As shown in FIG 3, the speaker means is further constituted by a housing 20 

for accommodating the right speaker 16 and the left speaker 17 and having a first axis 
LI passing through the right speaker 16 and the left speaker 17. The wireless 
headphone apparatus 7 may further comprise at least one light signal receiving unit 8c 
mounted on the housing 20 and placed on a second axis L2 substantially perpendicular 

20 to the first axis LI and passing through a middle point M of the first axis LI in 
equidistantly spaced relationship with the right speaker 16 and the left speaker 17. In 
the wireless headphone apparatus 7 thus constructed, the light signal receiving unit 8c 
mounted on the housing 20 and placed on a second axis L2 substantially perpendicular 
to the first axis LI and passing through a middle point M of the first axis LI in 

25 equidistantly spaced relationship with the right speaker 16 and the left speaker 17, can 
receive the infrared signal with less interferences because of the fact that the light signal 
receiving unit 8c is placed in the vicinity of a ceiling of the vehicle, which blocks the 
light signal receiving unit 8c from being exposed to the strong extraneous light such as 
for example sunlight. 

30 Furthermore, the wireless headphone apparatus 7 may further comprise light 

signal receiving units 8a and 8b and/or light signal receiving units 9a and 9b 
respectively opposing to each other across a plane P passing through the first axis LI 
and the second axis L2. In the wireless headphone apparatus 7 thus constructed, one 
of the light signal receiving units 8a and 8b and/or one of the light signal receiving units 

35 9a and 9b can receive the infrared signal with less interferences in the case that the other 
one of the light signal receiving units 8a and 8b and/or one of the light signal receiving 
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units 9a and 9b are exposed to the strong extraneous light such as for example sunlight 
coming through a front window or a rear window of the vehicle. 

While the subject invention has been described with relation to the preferred 
embodiment, various modifications and adaptations thereof will now be apparent to 
5 those skilled in the art as far as such modifications and adaptations fall within the scope 
of the appended claims intended to be covered thereby. 
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